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(g) Automatic bias adjustment for focus servo circuit 

(5?) In a recording and reproducing apparatus of 
CD (21) or the like, it is adapted such that the 
quantity ofjitters in an RF signal is measured as 
a time difference between an edge of a PLL 
dock synchronized with an EFM signal and a 
transition point of the EFM signal in a time 
difference measuring circuit a focus bias volt- 
age to bring the time difference to a minimum is 
established in a bias voltage generator (27), the 
established focus bias voltage is added in an 
adder to a focus error signal generated in a 
focus error signal generator (23), and, thereby, 
the focus bias is automatically adjusted and 
focus servo is executed in accordance with the 
bias-adjusted focus error signal. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a focus servo cir- 
cuit and, more particularly, to a focus servo circuit 
suitable for use in the servo system of optical disk 
players such as CD (Compact Disk) players. 

2. Description of the Related Art . 

A focus servo circuit is indispensable to optical 
disk players, for example CD players, which focus 
servo circuit executes control while the disk is rotated 
to keep the distance between the objective lens incor- 
porated in the pickup and the signal surface of the 
disk constant against vertical movements of the sig- 
nal surface of the disk due to a warp or the like of the 
disk. 

An example of a focus servo circuit of the related 
art is shown in FIG. 1, in which a pickup 2 optically 
reading signal information on a disk 1 supplies an out- 
put of a focus servo system to a focus error signal 
generator 3. 

In the focus error signal generator 3, a focus error 
signal, which becomes zero when the signal surface 
of the disk lies on the focal plane of the optic system, 
becomes minus (or plus) when the signal surface 
comes closer to the objective lens, and becomes plus 
(or minus) when the signal surface goes away from 
the objective lens, is generated according to a known 
method such as the astigmatic method. 

The focus error signal, after being passed 
through an adder 4, is compensated for phase in a 
phase-compensation drive amplifier 5 and supplied 
to a focus actuator, within the pickup 2, as its drive 
signal. 

When for example the astigmatic method is used 
as the method of generating the focus error signal in 
the focus error signal generator 3, a quadrant sensor 
11 having its photosensing surface divided into four 
parts is used as the photosensor in the pickup 2 as 
shown in FIG. 2. Outputs of the photosensing parts 
(1) and (3), and (2) and (4), both diagonally disposed, 
are added in adders 12 and 13, respectively, and the 
added outputs are then subjected to subtraction in a 
subtracter 14, and thereby a focus error signal is gen- 
erated. Because of such structure, if there are varia- 
tions in sensitivity among the photosensing parts (1) 
to (4) of the quadrant sensor 11, or if there are some 
offsets in the circuit systems such as the adders, it 
sometimes occurs that a component related to the 
offset is produced in the focus error signal, and 
hence, even when the signal surface of the disk is on 
the focal plane, th focus error signal do s not be- 
come z ro. 

If th focus servo is car ri d out und r the descri- 
bed state, a defocus corresponding to th component 



related to the offset is produced and ther fore it be- 
comes impossibl t read well th signal information 
on the disk. 

Therefore, it has so far been practiced to gener- 
5 ate a bias voltage using a semi-fixed resistor R and 
add this bias voltage to the focus error signal in the 
adder 4 to thereby cancel the component related to 
the offset and achieve offset adjustments of focus 
servo to bring about a just-in-focus state. 
10 The bias adjustment of the focus servo has been 

carried out in the production line such that the posi- 
tion of the pit on the disk comes into focus, i.e., such 
that the eye pattern of an RF signal output from the 
pickup 2 becomes cleanest in the waveform observa- 
15 tion. 

In the focus servo circuit of the related art of the 
described structure, however, the bias adjustment of 
the focus servo in the production line has been made 
manually. Therefore, there have been such problems 
20 that the adjustment requires skill and time and, in ad- 
dition, such defocuses that occur in the cases where 
the thickness or material of the actually reproduced 
disk is varied causing variations in refractive index 
cannot be coped with. 

25 

OBJECT AND SUMMARY OF THE INVENTION 

The present invention has been made in view of 
the above mentioned problems. Accordingly, it is an 

30 object of the present invention to provide a focus ser- 
vo circuit capable of making bias adjustment of the fo- 
cus servo automatically and most suitably for each re- 
produced disk. 

A focus servo circuit according to the invention 

35 comprises a focus error signal generator for generat- 
ing a focus error signal, a time difference measuring 
circuit for measuring a time difference between an 
edge of a clock synchronized with a binarized signal 
reproduced from a disk and a transition point of the 

40 binarized signal, a bias voltage generator for gener- 
ating a focus bias voltage corresponding to the time 
difference, and an adder for adding the focus bias vol- 
tage to the focus error signal, and in which it is adapt- 
ed such that focus servo is carried out in accordance 

45 with the added output in the adder. 

With the described arrangement, a quantity of jit- 
ters in an RF signal is measured as the time differ- 
ence between an edge of a clock synchronized with 
a binarized signal and a transition point of the bina- 

50 rized signal. Since the quantity of jitters is correspon- 
dent to the focus bias error, the focus bias voltage is 
established so that the time difference may be mini- 
mized. 

The established focus bias voltage is added to 
55 the focus rror signal. Ther by, a DC offs t compo- 
nent c ntain d in th focus error signal is cancel d, 
and thus, automatic adjust m nts to bring a focus 
bias d state into a just-in-focus stat can be ach- 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a focus servo s 
circuit of a related art; 

FIG. 2 is a block diagram explanatory of the prin- 
ciple of an astigmatic method of a related art; 
FIG. 3 is a block diagram showing a first embodi- 
ment of a focus servo circuit according to the in- 10 
vention; 

FIGs. 4Aand 4B are waveform diagrams of an RF 
signal and a PLL clock in the servo circuit shown 
in FIG. 3, of which FIG. 4A shows them in a just- 
in-focus state and FIG. 4B shows them in an out- 15 
of-focus state; 

FIGs. 5A and 5B are waveform diagrams of an 
EFM signal and the PLL clock, of which FIG. 5A 
shows them in a just-in-focus state and FIG. 5B 
shows them in an out-of-focus state; 20 
FIG. 6 is a diagram showing a time difference 
±A0 between the EFM signal and the PLL clock; 
FIG. 7 is a block diagram showing an example of 
structure of a time difference measuring circuit 
as a second embodiment of the invention; 25 
FIG. 8 is a diagram showing waveforms in various 
parts of the time difference measuring circuit 
shown in FIG. 7; 

FIG. 9 is a characteristic diagram showing results 
of measurement of block error rates and number 30 
of times of phase deviations with respect to focus 
bias voltages; 

FIG. 10 is a characteristic diagram of focus bias 
voltage versus number of times of phase devia- 
tions based on results of measurement; and 35 
FIG. 11 is a flow chart showing an example of 
steps followed in establishing a bias voltage. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 40 

An embodiment of the present invention will be 
described below in detail with reference to the accom- 
panying drawings. 

FIG. 3 is a block diagram showing a first embodi- 45 
ment of a focus servo circuit according to the inven- 
tion applied to a CD player. 

Referring to FIG. 3, there is recorded signal infor- 
mation as a pit string on the signal surface of a disk 
21. The signal information on the disk 21 is optically so 
read by a pickup 22. 

An RF signal output from the pickup 22 is sup- 
plied to a PLL circuit, not shown, and used for gener- 
ation of a PLL clock PLCK synchronized with the RF 
signal and also sup pi i d to a digital signal processing 55 
syst m, not shown, and subjected to signal process- 
ing th rein such as EFM (Eight to Fourt en M dula- 
tion) d modulation and error correction, with th PLL 



cl ck PLCK us d as a ref rence, and utput there- 
from as an audi signal. 

A focus error signal generator 23, according to a 
known generating method such as the astigmatic 
method, generates a focus error signal, which be- 
comes zero when the signal surface of the disk lies 
on the focal plane of the optic system, becomes 
minus (or plus) when the signal surface comes closer 
to the objective lens, and becomes plus (or minus) 
when the signal surface goes away from the objective 
lens. 

The focus error signal, after being passed 
through an adder 24, is compensated for phase in a 
phase-compensation drive amplifier 25 and supplied 
to the focus actuator, within the pickup 22, as its drive 
signal. 

In the execution of focus servo, referring to FIG. 
4, when the system is in a just-in-focus state (FIG. 
4A), the RF signal takes on a clean waveform and the 
PLL clock PLCK also takes on a waveform free of jit- 
ters, but if the system is somewhat deviated from the 
just-in-focus point, i.e., if it is out of focus (FIG. 4B), 
the frequency spectrum of the RF signal becomes 
broadened electrically and the RF signal takes on a 
dirty waveform and, hence, the PLL clock PLCK also 
takes on a waveform containing jitters. 

FIG. 5Aand FIG. 5B show waveforms of the EFM 
signal as a binarized signal of the RF signal and the 
PLL clock PLCK correspondently to FIG. 4A and FIG. 
4B, respectively. 

Accordingly, in the present invention, taking no- 
tice of the fact that the quantity of the jitters in the RF 
signal is minimized in the just-in-focus state, it is ar- 
ranged such that the quantity of jitters corresponding 
to the focus bias error is measured as the time dif- 
ference (phase difference) ±A9 between the edge of 
the PLL clock PLCK and the transition point of the 
EFM signal and the focus bias voltage is established 
to minimize the time difference ±A9 and, thereby, the 
bias adjustments are automatically achieved. 

More specifically, referring to FIG. 3, there are 
provided a time difference measuring circuit 26 for 
measuring the time difference ±A8 between the edge 
of the PLL clock PLCK and the transition point of the 
EFM signal and a bias voltage generator 27 for gen- 
erating a focus bias voltage corresponding to the 
time difference ±A8, and it is arranged such that the 
focus bias voltage is added in the adder 24 to the fo- 
cus error signal to cancel the DC offset component 
generated in the servo system and, thereby, the bias 
adjustments are achieved. 

The time difference measuring circuit 26 takes a 
predetermined length of time as a reference and 
counts the number of jitters, of which duration is over 
th refer nc tim (±Tref). ccurring in one p riod (= 
136 us c.) of the frame sync signal, and measur s 
the count valu as th tim difference ±A0. 

As the abov reference time (±Tref), th tim N 
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times as larg asth peri d corresponding to th fre- 
qu ncy obtained by multiplying th fr qu ncy of th 
PLL clock PLCK (= 4.3218MHz) by 8 is established. 
When, for example, N = 3 is set, the time given below 
is taken as the reference: 

Tref = (1/(4.321 8MHz x 8)) x 3 « 88nsec. (1) 

The value of N is not limited to 3 but can be set 
to any desired value. 

Below will be described a particular structure of 
a time difference measuring circuit 26 as a second 
embodiment of the invention. 

FIG. 7 is a block diagram showing an example of 
the time difference measuring circuit 26. FIG. 8(a) to 
FIG. 8(e) show waveforms in the parts (a) to (e) in 
FIG. 7. 

An EFM signal (b) becomes the input to a flip-flop 

31 and also becomes one input to an exclusive OR 
gate 32. The flip-flop 31 is operated by a clock XPCK 
(a) obtained by inverting the PLL clock PLCK by an 
inverter 33. The output of the flip-flop 31 becomes the 
other input to the EX-OR gate 32. 

Consequently, the output (c) of the EX-OR gate 

32 takes on a high level during the period from the 
transition point of the EFM signal to the rising edge 
of the clock XPCK, i.e., the failing edge of the PLL 
clock PLCK. 

The output (c) of the EX-OR gate 32 becomes a 
ci input to the 3-bit counter 34 and also becomes the 
input to a flip-flop 35, 

The 3-bit counter 34, in which the value of (100) 
in the twos-complement expression (-4) is loaded as 
the initial value, counts, while the output (c) of the EX- 
OR gate 32 is at the high level, the clocks at the fre- 
quency 34MHz (» 4.3218MHz x 8). The count value 
(e) of the counter 34 corresponds to the time differ- 
ence ±A9 between the transition point of the EFM sig- . 
nal and the edge of the PLL clock PLCK. 

The output of the flip-flop 35 becomes the input 
to the flip-flop 36 and also becomes one input to a 
NAND gate 38 after being inverted by an inverter 37. 
Both the flip-flops 35 and 36 are operated by the clock 
34mhz. The output of the flip-flop 36 becomes the 
other input to the NAND gate 38. 

The output (d) of the NAND gate 38 becomes the 
load (LD) input to each of the 3-bit counter 34 and a 
register 39. In response to this load input (d) t the final 
count of the 3- bit counter 34 is loaded into the register 

39 and, at the same time, the aforesaid initial value 
(100) is loaded into the 3-bit counter 34. 

The value (0 loaded into the register 39 becomes 
a compared input in a comparator 40. The comparator 

40 generates an output at a high level when the value 
of the compared input is equal to or greater than for 
example ±3. By the numerical value "3", the reference 
tim (±Tref) 88 ns c. given by the above xpression 
(1) is stablish d. 

Th output of the comparator 40 becomes ne in- 
put to an AND gate 41. Th ANDgat 41receivsth 



inv rt d utputofth utput(d) fth NAND gate 38 
by an inv rt r 42 as th oth r input th r t and sup- 
plies the output of the comparator 40 to a counter 43 
at the timing of generation of the output (d) of the 

5 NAND gate 38. 

On the other hand, the output of the inverter 42 
becomes one input to an AND gate 44 and the frame 
sync signal with a period of 136 usee, becomes the 
other input to the same. The output of the AND gate 

10 44 becomes the reset input to a counter 43 and fur- 
ther becomes the load input to a P/S (parallel/serial) 
register 45. 

The P/S register 45 converts parallel data loaded 
from the counter 43 into serial data and, in response 

15 to a shift in clock supplied from the bias voltage gen- 
erator 27, outputs the serial data as shift out data to 
the bias voltage generator 27. 

Here, the number of counts (number of times of 
phase deviations) obtained by counting measured 

20 changes of the RF signal deviating ±88 nsec. or more 
from the PLL clock PLCK during a period of 98 frames 
and the CI block error rates are shown in FIG. 9 as the 
results of measurement with the focus bias voltage 
taken as the parameter. In the diagram, the solid lines 

25 (a) indicate the block error rates and the broken lines 
(b) indicate the number of times of maximum phase 
deviations. Frequently observed values are within 
the regions surrounded by the two solid lines (a) and 
two broken lines (b). 

30 As apparent from the results of the measure- 

ment, the focus bias voltage within the range from 0 
to 0.3 V provides good results, and in this region both 
the Q block rate and the number of t i mes of phase de- 
viations are minimized. 

35 A particular example in which a focus bias vol- 

tage is established in the bias voltage generator 27 in 
accordance with the data N (the number of times of 
phase deviations) measured in the time difference 
measuring circuit 26 will be described below. 

40 The bias voltage generator 27, constituted of a 

microcomputer, establishes a focus bias voltage so 
that the average value of the measured data N may 
become a minimum. 

An example of steps for establishing the bias vol- 

45 tage will be described below according to a flowchart 
of FIG. 11 based on the characteristic shown in FIG. 
10. 

First, the minimum value Nmin of the measured 
data N is measured (step S1), and then a threshold 

so value Nth greater than the minimum value Nmin by 
a% is established (step S2). In establishing the 
threshold value Nth, it must be set below a limit value 
N UM at which it is possible that the focus servo loses 
its controlling function. 

55 Then, tw bias values F A and F B with which th 

m asured data N b comes th threshold value Nth 
arem asured (st pS3)andtheav rag value fth 
two bias valu s F A and F B is btained (step S4). This 
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in said bias voltag gen rator (27) m asur s a 
minimum valu of said me asur d data, estab- 
lishes a threshold value greater than said mini- 
mum value by a predetermined value, measures 
5 two bias values with which said measured data 

becomes said threshold value, and establishes 
the average value of said two bias values as said 
focus bias voltage. 

10 



15 



20 



Claims 

1. A focus servo circuit comprising: 25 

a focus error signal generator (23) for gen- 
erating a focus error signal; 

a time difference measuring circuit (26) for 
measuring a time difference between an edge of 
a clock synchronized with a binarized signal re- 30 
produced from a disk (21) and a transition point 
of said binarized signal; 

a bias voltage generator (27) for generat- 
ing a focus bias voltage corresponding to said 
time difference; and 35 

an adder (24) for adding said focus bias 
voltage to said focus error signal, wherein 

focus servo is carried out in accordance 
with the added output in said adder. 

40 

2. A focus servo circuit according to claim 1, where- 
in said time difference measuring circuit (26) in- 
cludes a circuit for measuring a time difference 
between an edge of said clock and a transition 
point of said binarized signal , a circuit for. detect- 45 
ing an event of the measured time difference be- 
coming equal to or greater than a reference time, 

and a counter for counting the number of said 
events detected within a predetermined interval 
of time, wherein count data of said counter is out- so 
put as measured data of said time difference. 

3. A focus servo circuit according to clai m 2, where- 
in said bias voltage generator (27) establishes 
said focus bias voltag so that th av rag value 55 
of said measured data may become a minimum. 

4. Afocusserv circuit according to claim 2, wh re- 



av rage valu is s t to b th stablish d focus bias 
voltag . 

As described in the foregoing, according to the 
present invention, the quantity of jitters in an RF sig- 
nal is measured as a time difference between an 
edge of a PLL clock synchronized with an EFM signal 
as a binarized signal and a transition point of the EFM 
signal and, then, a focus bias voltage bringing the 
time difference to a minimum is established. The es- 
tablished bias voltage is added to a focus error signal 
to thereby cancel an offset component Thus, the bias 
adjustments, which have conventionally been per- 
formed in the product line, are made automatically at- 
tainable. s 

Further, by the attainment of automatic bias ad- 
justments, the bias adjustments of the focus servo 
can be made every time a disk is reproduced. Accord- 
ingly, the reproduction can be achieved at a bias point 
most suitable for each disk in spite of variations of the 
disk in thickness or material. 
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